INTRODUCTION
Congenital heart disease (CHD) compromises a heterogeneous group of structural cardiac defects present in an estimated 8 cases per 1 000 live births.
(1) While some defects are trivial and others may close spontaneously during childhood, about 6 infants per 1 000 births will have a severe or moderate-severe form of congenital heart disease.
(
The outcome of these patients has changed significantly over the few decades thanks to the major improvements in cardiovascular diagnosis, cardiac surgery and peri-operative care. Where specialist care is available over 90% of infants born with CHD now reach adulthood. (2) The complexity of the anatomy and physiology of patients surviving with CHD is increasing, leading to the expansion of the cardiology subspecialty of adult congenital heart disease. (3, 4) Even after successful repair, many patients are left with residual lesions, which often require one or more subsequent interventions later in life. Life-long follow-up is therefore mandatory for the Spring 2013
Volume 10 • Number 4 exposure to ionising radiation. However, without the relevant expertise to acquire and interpret imaging in congenital patients, the information obtained may be inaccurate or may mislead the clinical decision-making. It is, therefore, recommended that imaging is undertaken by a specialist team with experience following up these patients. (11) WHAT IS IMPORTANT IN CONGENITAL HEART DISEASE IMAGING?
When assessing patients with suspected CHD for the first time, one should assume that every vein, artery, chamber and connection is abnormal until proven otherwise. Segmental sequential analysis is necessary to assess the heart's anatomy and connections. This begins by determining the atrial arrangement (situs), which can be "usual" (situs solitus), "inverted" (situs inversus) or can be a bilateral duplication of the one type of atrium, known as right or left atrial "isomerism". Atrio-ventricular and ventriculo-arterial connections are described as "concordant" (e.g. left atrium connecting to the left ventricle (LA-LV) or right ventricle connecting to the pulmonary artery (RV-PA), as discordant (e.g. right atrium to LV) or as a common atrio-ventricular connection. It is also possible for both inflow or outflow valves to connect predominantly to one ventricle ("double inlet" when both atrio-ventricular valve open to the same ventricle, or "double outlet" when both great vessels arise from the same chamber). Finally, it is also possible that one of the atrioventricular or ventriculo-arterial connections is absent (e.g. tricuspid atresia or pulmonary atresia). Transposition of the great arteries (TGA) is an example of discordant ventriculo-arterial connections, which results in an altered relationship between the great vessels.
Instead of the normal crossover of spiral relationship, in TGA hearts the two vessels run parallel to each other, an echocardiographic feature that helps to make the diagnosis in a cyanosed neonate.
In addition, the presence of one congenital heart defect increases the possibility of there being other defects -there therefore needs to be a meticulous system for studying each component of the heart. For example, pulmonary atresia may exist with or without a ventricular septal defect or with or without confluent pulmonary arteries. No matter what imaging technique is being utilised this methodical and ordered manner of studying the heart will ensure an accurate and comprehensive report irrespective of the complexity of the underlying condition.
DIFFERENT IMAGING MODALITIES
The most common imaging modalities used to diagnose and followup patients with congenital heart disease are echocardiography, CMR and CT-scan. However, simpler techniques, such as chest radiography (Table 1) or even more complex such as angiography, might be also needed, depending on the type of congenital heart disease.
Chest radiography
Postero-anterior chest radiography provides valuable and inexpensive information in patients with congenital lesions. In almost all patients atrial arrangement corresponds to that of the bronchi, but not always to that of the abdominal organs. Thus, the visibility of a long pre-branch segment with passage inferior to the corresponding pulmonary artery of a left main bronchus, or of a shorter prebranch segment with passage superior to the corresponding pulmonary artery of a right main bronchus, gives useful information of the atrial morphology ( Figure 1 ).
Cardiomegaly, an independent marker of disease severity and outcome in patients with congenital heart disease, (12) is easily assessed in a postero-anterior chest X-ray (CXR). Signs of previous surgery including sternal wires from sternotomy and rib asymmetry from childhood thoracotomy can also be useful diagnostic features. 
Echocardiography
Echocardiography is the bedrock of CHD imaging both for diagnosis and for long-term follow up. Two-dimensional echocardiography is ideally suited for the evaluation of congenital heart disease because of its ability to visualise cross-sections of complex cardiac structures. In particular it is highly effective in visualising heart walls, chamber configuration, valve anatomy, intra-cardiac shunts and in revealing complex spatial morphologic information.
In addition, it is the technique of choice to assess small, thin and mobile intracardiac structures such as valve leaflets, the atrial septum and endocarditis vegetations where the resolution is superior to techniques such as cardiac magnetic resonance ( Figure 3 ).
Transthoracic echocardiogram is such a useful day to day tool because its strength lies in its capability to assess, and integrate, both anatomy and physiology.
Assessment of left ventricular systolic function is reliable and reproducible, however assessing the right ventricle can be more challenging. This is in part due to the retrosternal location of the RV, its irregular geometry and trabeculated structure. The RV assessment is even more difficult in conditions of volume overload (such as Tetralogy of Fallot with pulmonary regurgitation) or Scoliosis, which might be part of the underlying condition and/or a consequence of previous surgery, is prevalent in ACHD patients (13) and is an independent predictor of lung dysfunction in this population. (13) Other signs, such as dilatation of the main pulmonary FIGURE 2: Plain chest X-ray in a patient with congenitally corrected transposition (CCTGA) and a VSD with severe pulmonary hypertension. There is also a Starr Edwards systemic AV valve and single chambered defi brillator.
The chest X-ray is an excellent modality for assessing overall cardiac size and the relative size of the other cardiac chambers. X-ray is also ideal for imaging pacing wires and pacing systems. Progressive aortic root dilatation is common in ACHD patients.
The aortic root (and ascending aorta) may dilate in patients with a bicuspid aortic valve, especially in the presence of a coarctation, (15) in the Ross patient, following arterial switch, in corrected or uncorrected pulmonary atresia, repaired truncus arteriosus, or long after correction of ToF. (16) Transthoracic echocardiogram is useful to assess the aortic root and proximal ascending aorta, however it needs to be supplemented by other techniques, such as CMR or CT, to obtain reliable imaging of the ascending aorta and aortic arch ( Figure 4) . Residual or recurrent stenoses of vessels is commonly reported in patients with CHD, for example after coarctation of the aorta repair, or after an arterial switch operation for TGA. To estimate the peak pressure gradient across these sites continuous wave Doppler and the Bernouilli equation can be used. A diastolic velocity higher than 1.93cm/s measured at the end of the "T" wave, has a high sensitivity and specificity in predicting severe re-coarctation. (17) However, CMR and CT are better techniques to assess extra-cardiac vessel anatomy and obstructions.
Tissue Doppler techniques have a role in the assessment of congenital heart lesions. It has been reported that the peak systolic annular velocity of the right ventricular lateral wall has a good agreement with systolic function measure by CMR in normal and abnormal hearts. (18) Strain and strain rate quantification have been used to study the complexities of systemic RV mechanics. It is well known that strain patterns are different in TGA patients. Moreover, it has been recently reported that global longitudinal systolic strain is significantly reduced in patients with a systemic RV. (19) Global longitudinal strain also relates to subpulmonary ventricular function and predicts adverse clinical outcome in adults with atrial switch for TGA. (19) In patients with CHD, real-time 3D echocardiography is an accurate and reproducible technique to visualise the cardiac and valve Another of CMR's strengths is its ability to assess vascular stenoses.
After an arterial switch operation for transposition, in which the distal pulmonary artery and its branches are brought forward in the Lecompte manoeuvre, peripheral pulmonary artery stenoses or supravalvar pulmonary stenoses can develop. (25) CMR can accurately assess the pulmonary artery branches and also the relative pulmonary blood flow to each lung. CMR is also the technique of choice for the long-term follow-up of those who underwent coarctation of the aorta repair. It allows detailed visualisation of recoarctation or aneurysm formation, and can be useful to plan further interventions. (26) CMR can be repeated at regular intervals without the concern of radiation exposure in the patient with a coarctation repair technique that has predisposed them to repair site aneurysms. Annual scanning may be needed in these high risk patients. (27) An exception is after deployment of a stent, when a contrast-CT study will provide better assessment of the in-stent lumen and any possible aneurysm formation in the vicinity of the stent. (28) IMAGING IN CONGENITAL HEART DISEASE Spring 2013
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Ascending aortic flow is equivalent to systemic cardiac output in the presence of an intracardiac shunt. However, in patients with a patent ductus arteriosus, increased ascending aorta flow is expected and is equivalent to the amount of pulmonary flow. The smaller amount of flow measured in the pulmonary trunk will be equivalent to the systemic flow. (27) 
COMPUTED TOMOGRAPHY
Developments in CT techniques in the past decade have led CT to become a valuable tool for assessing the cardiovascular system.
CT is emerging as a further method of imaging in this population, especially when CMR is precluded by a pacemaker or defibrillator.
Non-ECG-synchronised CT is useful for assessing extracardiac abnormalities. (29) (30) (31) However, the introduction of the ECG-synchronised scan with either retrospective, or more recently, prospective triggering allows more accurate assessment of the coronary arteries, (32) better assessment of the intracardiac structures and even the calculation of ventricular volumes and function. (33) The main limitation of CT is exposure to ionising radiation and its associated risk of cancer which makes repeat examinations unattractive. However, the prospective ECG-synchronised sequential scanning is a low-dose technique that can reduce the CT dose to 1 to 3 mSv. (22) Furthermore, the development of spiral and the multi-detector computed tomography enables the acquisition of data during a single breath holding and during the first pass of a contrast bolus, reducing also the dose of radiation significantly.
The main clinical indication of CT in CHD is to assess the coronary arteries and their relations to adjacent structures. The use of percutaneous pulmonary valves is growing. When the valve is deployed there is a risk of coronary artery compression if the coronaries are in close proximity. ECG-synchronised CT is the technique of choice to assess coronary arteries and there relation to the RV-PA conduit in this setting. CT also has a very high resolution and can image structures that are difficult to see on CMR scans such as the cardiac veins ( Figure 5 ). This improved resolution is also required before planning a complex aortic intervention such as a covered stent of a coarctation aneurysm.
CARDIAC CATHETERISATION
As imaging techniques improve the role for diagnostic cardiac catheterisation has diminished. However angiography still has a role in complex patients especially when studying vessel anatomy prior to intervention. Catheterisation also remains the gold standard in assessing haemodynamics and in the diagnosis of pulmonary arterial hypertension.
CONCLUSIONS
The evaluation and monitoring of the patient with a congenital heart lesion is demanding and each condition presents its own challenges. ACHD patients should therefore be investigated and 
